. Structures of αS,S(S)-methionine sulfoximine 1, αS,S(S)-buthionine sulfoximine 2 and a peptidomimetic 3 containing a sulfoximine. 8. Interestingly, this primary alkyl halide could not be displaced with phenylthiolate anions under a variety of forcing conditions; study of the required angle of approach of the nucleophile to the electrophilic CH 2 in 8 in an S N 2 process indicated that steric crowding between the dioxolane and the incoming aromatic ring may preclude reaction. In contrast, displacement of the primary OH of with the arylthio nucleophiles was achieved directly from 6 under Mitsunobu conditions (arylthiol, tributylphosphine, 1,1'-(azodicarbonyl)dipiperidine) to give the sulfides 9a and 9b in good yields.
At this point, it had been anticipated that the chirality of the sulfides 9 could be exploited to drive the sulfoxidation in a diastereoselective manner. However, no conditions could be found to achieve this diastereoselection, so 9a was treated with 3-chloroperoxybenzoic acid to give a high yield of the sulfoxides 10a as an inseparable 1:1 mixture of diastereoisomers. Similar reaction of the bromophenylsulfide 9b gave the corresponding sulfoxides 10b, also as an inseparable equimolar mixture. A variety of reagents and conditions have been used to generate sulfoximines from sulfoxides, including sodium azide / hot conc. sulfuric acid 15 and O-(2,4,6-trimethylbenzenesulfonyl)hydroxylamine 16 but many are incompatible with the protecting 17 Application of this method to the mixture of diastereoisomeric Phunsubstituted sulfoxides 10a gave a mixture of diastereoisomers of the N-trifluoroacetylsulfoximine 11a; the ratio of the diastereoisomers shifted from 1:1 in 10a to 3:2 in 11a, indicating that one diastereoisomer had reacted slightly more efficiently, but the isomers again could not be separated. In parallel, the bromophenylsulfoxides 10b were converted into the inseparable N-trifluoroacetyl sulfoximines 11b with no change in the 1:1 ratio of diastereoisomers.
The trifluoroacetyl groups were rapidly cleaved from 11a and 11b with ammonia, giving the free sulfoximines 12a and 12b, respectively. Now, the individual diastereoisomers contained H-bond donors and thus the diastereoisomers could be separated chromatographically, giving good yields of stereochemically pure 12aR, 12aS, 12bR and 12bS. The acetal protection was removed by acid-catalysed hydrolysis from 12aR and from 12bR to give the homochiral diols 13aR and 13bR, respectively, to demonstrate that the secondary alcohols could be revealed without loss of stereochemical integrity. However, simple examination of the 1-D 1 H and 13 C NMR spectra did not allow assignment of the configurations at sulfur of the dioxolanylmethyl sulfoximines 12 or of the diols 13.
X-ray crystallography and solution conformation studies
For each pair of diastereoisomeric sulfoximines 12a and 12b, one diastereoisomer was an oil but the other formed crystals (from ethanol / hexane) of quality suitable for X-ray crystallographic structure determination. The crystal structures ( Figure 2 ) confirmed that both crystalline diastereoisomers were of S configuration at sulfur, i.e. that they were 12aS and 12bS. in the intramolecularly H-bonded structure has the five-membered dioxolane ring in a halfchair and the six-membered ring in a twist-boat; this gives the dihedral angle between 4-H and 5-H as ca. 140°, whereas the corresponding angle in the non-H-bonded conformer is ca.
165°. The observed coupling 3 J = 7.9 Hz between these protons is consistent with both conformers. The NOESY spectrum of 12aS also did not distinguish between the possible conformers in chloroform but allowed assignment of the signals from the geminal dimethyl unit.
There were cross-peaks between the 4-H signal and the upfield methyl signal at δ 1.21 and between the 5-H signal and the downfield methyl peak at δ 1.29, showing that the former singlet is due to the methyl cis to the 4-CH 2 OBn and the latter is due to the methyl trans to this substituent. The NMR spectra of the Ar-bromo analogues 12bR and 12bS were very As expected, the sulfoximine-sulfur atoms were approximately tetrahedral. The O=S=N bond angles in 12aS and 12bS were both 122°. Both compounds had S=N bond lengths of 1.52 Å and S=O bond lengths of 1.46 Å.
Conclusions
In this paper, we have reported the synthesis of two series of diastereoisomeric O-protected 4-(arylsulfonimidoyl)butane-1,2,3-triols, deriving the configuration of the two secondary alcohols from diethyl R,R-tartrate. A Mitsunobu reaction introduced the arylthio substituents.
Peroxyacid sulfoxidation proceeded without diastereocontrol and Rh-catalysed oxidative imination gave the corresponding N-trifluoroacetyl sulfoximines as inseparable mixtures of diastereoisomers at sulfur. Removal of the TFA protection afforded the free NH sulfoximines, which were readily separated chromatographically. The configurations of the crystalline S-S dioxolanes 12aS and 12bS were established by X-ray crystallography, for both the S-Ph and S-(3-BrAr) series. However, both corresponding S-R stereoisomers 12aR and 12bS were oils.
Removal of the acetonide protection exposed the secondary alcohols in 13aR and 13bR. The LiAlH 4 (2.0 M in THF, 51.5 mL, 103 mmol) was added during 1.5 h to this material in dry THF (80 mL) and the mixture was boiled under reflux for 5 h, then cooled to 0°C. Water (10 mL), aq. NaOH (4 M, 10 mL) and water (30 mL) were added cautiously in turn. The suspension was filtered and the solids were extracted with boiling 1,4-dioxane (3 × 100 mL).
The solvents were evaporated from the combined extracts to give 5 (6.7 g, 85%) as a pale yellow oil with spectroscopic data identical to those reported in the literature.
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5.3. 4S,5S-Di(benzyloxymethyl)-2,2-dimethyl-1,3-dioxolane (6) and 4S,5S-4-benzyl-
NaH (60% in mineral oil, 1.9 g, 46 mmol, pre-washed with dry pentane) was stirred in dry DMF (20 mL) at 0°C under N 2 for 30 min. Compound 5 (6.7 g, 42 mmol) in dry DMF (20 mL) was then added dropwise and the mixture was stirred for 30 min before benzyl bromide (7.35 g, 43 mmol) was added. The mixture was stirred for 1.5 h and was poured into ice-water (250 mL) and extracted thrice with Et 2 O. The combined extracts were washed with water and brine. Drying, evaporation and chromatography (hexane / Et 2 O 1:1] gave 6 (500 mg, 6%) as a pale yellow oil with spectroscopic data identical to those reported in the literature. 14 Further elution gave 7 (3.6 g, 71%) as a pale yellow oil with spectroscopic data identical to those reported in the literature. 14 
4S,5R-4-(Benzyloxymethyl)-5-(bromomethyl)-2,2-dimethyl-1,3-dioxolane (8).
Ph 3 P (353 mg, 1.3 mmol) in dry THF (1.0 mL)was added dropwise to 7 (280 mg, 
4S,5R-4-(Benzyloxymethyl)-2,2-dimethyl-5-(3-bromophenylthiomethyl)-1,3-dioxolane (9b).
Compound 7 was treated with 3-bromothiophenol, as for the synthesis of 9a, to give 9b (69%)
as a yellow oil. 1 
4S,5R,S(±)-4-(
Benzyloxymethyl)-2,2-dimethyl-5-(phenylsulfinylmethyl)-1,3-dioxol- ane (10a).)
4S,5R,S(±
± ± ±)-4-(Benzyloxymethyl)-2,2-dimethyl-5-(3-bromophenylsulfinylmethyl)-1,3- dioxolane (10b).
Compounds 10b were treated with trifluoroacetamide, PhI(OAc) 2 
Crystal data for 12aS.
Crystals of quality suitable for X-ray crystallography were grown from EtOH / hexane. C14-C20 disordered in 1:1 ratio with C14A-C20A, respectively. H1 located and refined at 0.89 Å from N1. CCDC 654427.
Crystal data for 12bS.
Crystals of quality suitable for X-ray crystallography were grown from EtOH / hexane. 
